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Abstract 
The examination timetabling problem includes arranging the exams to certain or finite 
number of available rooms and timeslots, by the aim of fulfill the hard constraints and 
satisfy with the soft constraints as far as possible. In the literature, it has shown quite a few 
technique which has been applied to solve the simplified examination benchmark dataset, 
it can be found from the scientific literature. 
In this research, ITC 2007 (International Timetabling Competition 2007) examination track 
is been drawn. Quite a few of novel constraints are involved in this dataset. A total of 12 
dataset which are having different kind of feature for example the number of exam, the 
number of the timeslot, the number of the room and room capacity. 
To solve the timetabling problem, Graph Heuristic and Simulated Annealing method Are 
been used on it. Which Graph Heuristic will be used to generate the initial solution and 
Simulated Annealing method will be used to improve the initial solution.
VIII 
ABSTRAK 
Masalah Sistem Peperiksaan perlu diselesaikan dengan menyusunkan peperiksaan 
ke dalam masa dan bulk tertentu, dengan memastikan kualiti jadual itu sebaik mungkin. 
Untuk menyelesaikan masalah jadual peperiksaan mi, banyak teknik telah digunai dalam 
laporan yang telah dikaji. Dalam penyelidikan i, kami akan mengambil trek 
peperiksaan bagi International Timetabling Competition (1TC2007) kedua, kelima dan 
ketujuh. Dataset tersebut menpunyai pelbagai kekangan yang tidak sama dengan dataset 
yang lain. Dalam dataset tertentu mempunyai pelbagai ciri yang berlainan, sebagai 
contohnya bilangan tempoh, kapasiti bilik dan juga bilangan perperiksaan. 
Untuk menyelesaiakn masalah 1TC2007 perperiksaan jadual mi, kami akan 
mengunakan kaedah Graph Heuristic dan Simulated Annealing. Fungsi kaedah Graph 
Heuristic dalam penyelidikan mi adalah untuk menghasilkanjadual peperiksaan yang 
awal. Selepas ml, jadual peperiksaan mi akan diperbaiki oleh kaedah Simulated 
Annealing dengan mengurangkan "penalty value" supaya kualiti jadual peperiksaan mi 
akan lebih balk. Akhimya, jadual perperiksaan yang kualiti paling balk dengan 
memenuhi kekangan yang disebut dalam 1TC2007 mi akan dihasilkan.
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CHAPTER 1 
This chapter will briefly introduce about this project so that we can more understand 
about this project. There are five section will be included in this chapter, which is 
introduction, problem statement, objectives, scopes and thesis organization. First of all, 
background of study will be presented in Introduction. Next, problem statement will show 
the problem to be solve in this project. Objective is the aim of this project's final output. 
Follow by the scope will set up which part of the statement that we need to research and 
the limitation of research for user and project. Last but not least, thesis organization will 
explain the step of each chapter in this research. 
1.1 Background of Study 
There are many researchers had investigated about the problem of examination 
timetabling in Toronto benchmark dataset widely. The basic of the examination timetabling 
problem is related with the university exams allocation and also with the timeslot (periods 
of exam). Two main examination timetabling problems will be studied which are 
capacitated and un-capacitated. Un-capacitated exams problems are solve by quite a lot of 
the researchers, a good algorithm and algorithm performances will get the way to solve it 
efficiency and swiftly. Un-capacitated problem will not solving the problem of the room 
capacities. While capacities of the room will be a hard constraint in the capacitated 
problems which should not be ignored so this make it will be similar to the real world 
problem (Pillay and Benzhaf, 2009; Abdullah 2006).
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Much of the educational institutions try to solve the problem by using different 
kinds of solution and algorithm. In order to solve the timetabling problems, there are two 
types of constrains that needed to be consider during research which are soft constraint and 
hard constraints. Hard constraints is a rule that must follow, if hard constraints are not 
included then it will consider as a fail time table. For example, there is impossible of one 
student is sitting two examination at the same time. Furthermore, soft constraint is the 
constraint that is not so important in the system but it will be better if the timetable is 
satisfied with it. For example, in one day, student is not going to take a favor to take exam 
twice. Since those iterative algorithms solutions are being passed, those constraints stated 
above are necessarily to be considered. In order to reduce the clash of timetable which 
student taking exam in the same time and prevent having a big period of idle examination 
sessions are several constraints that quite significant (James Carlo T. Mendoza, 2006). 
Besides that, there are much of the researchers put their awareness on the un-
capacitated problem. This situation happen might be the lack of capacitated benchmark 
dataset. But, un-capacitated problem will be easier to be solve compare to capacitated 
problem since it contain more constraints. Solving capacitated problems, there are few 
constraints to be considered likes the quantity of room, size of the room which it will cause 
the complexity problem. In 1996a there is a survey which done by Burke et al's, it shows 
that about 73% of the universities admit that the scheduling examination timetable is quite 
a hard task of a research. 
In this paper, we are using a capacitated problem which gets from the International 
Timetabling Competition 2007(1TC2007). In this dataset, it was added few more new 
constraint into it, which is different with those timetabling problem which can found in the 
scientific literature. In order to solve these problems, we are going to use the simulated 
annealing method. 
1.2 Problem Statement 
There are many researcher doing research on the examination timetabling year by 
year. But, there is many result of research in the literature is using an un-capacitated dataset
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and it doesn't virtual the reality examination timetabling problem. Toronto dataset is one 
of the example of un-capacitated dataset which commonly use. On the other hand, there 
are still few of the researcher focus on capacitated dataset for example Nottingham and 
Melbourne dataset, but there are many constraint to be considered likes the maximum 
exams of a student can seat in a day. It does not seem like what happen in the real world 
problem since we also have to consider on the individual room capacity. Therefore, there 
will have at least a small gap between what we research and the real practice. 
1TC2007 examination dataset will be focused in our project. Since it is capacitated 
examination dataset which involve few constraints that are different with other dataset 
constraint, it can be seen in the literature (e.g. Toronto, Melbourne and NottingHam). 
1.3 Research Objective 
The objective of the research are as follows. 
1) To study of the Second International Timetabling Competition (1TC2007) flow 
of the examination. 
2) To implement simulated annealing in solving the examination timetabling 
problem. 
3) To verify that implemented algorithm of simulated annealing can fulfill all the 
hard constraints and soft constraints. 
1.4 Scope of Reseach 
As the scope in this research, we will focus on the study the dataset which draw 
from the 1TC2007 and the algorithm simulated annealing of solving this problem. This 
1TC2007 is a capacitated dataset and simulated annealing will be the algorithm to solve 
the dataset which stated above, this research will involve the consideration of the size 
of room and also the quantities of the room as the hard constraints.
13 Thesis Organization 
In this thesis, it will involve of seven chapters. Chapter 1 will describe about the 
introduction of the system. Which introduce the dataset and algorithm using. Chapter 
2 will present the literature review. Which will compare the simulated annealing with 
other algorithm. Chapter 3 will discuss further on the methodology. Chapter 4 & 5 will 
further explanation on the implementation and the design. Chapter 6 will reveal the 
discussion and result for the research. Chapter 7 will show the conclusion in this 
research.
4 
Chapter 2 
LITERACTURE REVIEW 
2.1 Overview of timetabling 
Timetablez a written or printed list of activities and the times when they will be 
done. Timetabling is divided into few categories which are personal timetabling, 
educational timetabling and transportation timetabling (Qu el al.2009). In those timetabling 
problems, there are some kind of constraint or condition which to be achieved (Burke, 
Kingston and Dewerra 2004). 
For the problem of timetabling, there is two constraints to be involved which is soft 
constraints and hard constraints. Hard constraints are those constraints that should be 
completely included and can't ignore it. A successful timetable is the timetable which 
fulfill of those hard constraints. To be an examination timetabling's hard constraint, one of 
the hard constraints is two exams is not available for one student at the same time. Soft 
constraints are those constraints which not really needed in the system but if the system 
achieve some of it or all of it, then it will be better for the examination timetabling system. 
For example, student will more satisfied with the schedule of 2 day has one exam, which 
is not too close of the exam which can't study well and not too far of the exam which make 
the exam too long of time.
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2.2 University timetabling problems 
In university timetabling problems it can divided into examination timetabling 
problems and course timetabling problems. These two problems are having equally core of 
issues and also the feature. The main problem to be solve in this examination timetabling 
is prevent the student having two examination in the same time. But, examination 
timetabling and course timetabling still have the significant differences to distinguish them. 
First differences is the constraints that needed to be follow. There is some example of soft 
constraints and hard constraints of the course timetabling problems and examination 
timetabling problems show in table 2.1 and 2.2. 
Beside the constraints, the configuration method of course and examination 
timetabling are also have their differences. Configuration will be divided into three part 
which is process environment, modeling and scheduling instances. For process 
environment, academic office will produce the exam timetable while the course timetable 
will be produced by each school itself. For modeling itself, the quantity of offered courses 
and the quantity of student who registered for the courses will be the problem when 
development of examination timetabling, and it is based on the quantity of student taking 
the course to develop. For example of scheduling, examination timetables will be produced 
based on the course that offered. Moreover, for course timetable, courses that offered is not 
the only one we need to schedule, but also the lecturer tutorial and labs session is need to 
be considered. 
However there are few differences between the problem of examination timetabling 
and course timetabling, the intricacy of the problems is parallel to the DOF(Degree of 
Freedom) of a student when open registration which they can select their course timetable 
by themselves. As the student get more of the freedom, then it will be harder to provide a 
realistic solution.
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Table 2.1 Examples of constraints of the course timetabling problems (Abdullah, 2006) 
Hard constraints 
I. No more than one course are allowed to participate in the same time for student or 
lecturer. 
2. In a timesiots one class only have one course. 
3. The quantity of student should less than the space available in classroom. 
4. The feature required of the course should stratify with the classroom which assigned 10 
the course. 
Soft constraints 
1.Each day students should have at least one course. 
2. Each day a course should schedule to the final tinieslot. 
2.3 Examination timetabling 
In an educational institution, an examination timetable is represent a very important 
characteristic. It will thoroughly influence to lecturer, student, even though administrators. 
According to Schaerf (1999), 
"Within the certain of time, scheduling the exam based on one in each course is 
required in the problem of examination timetabling." 
Refer to the above description, the goal of a successful examination timetabling is 
to arrange exams into a series of rooms and also timeslots which fulfill the hard constraints, 
and reach the soft constraints as much as they can. Table 2.2 is showing some of the 
constraints in examination timetabling problems.
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Table2.2 Example of constraints for the examination timetabling problems (Qu et al.2009) 
Hard constraints 
1.No common resources (student) assigned simultaneously with exams. 
2. The resources of the examinations should be enough (size of the room, number of room). 
Soft constraints 
1. Expand the exams as far as possible. 
2. Those largest exams need to be schedule as fast as possible and make sure all of the 
examination are scheduled. 
3. In any timesiot the quantity of student need to be limited. 
4. In one room,, it can be assigi ed with two examination which have same time length. 
5. Necessary timeslot (exam which need (not) to he in certain timesiot). 
6. Subsequences examinations. 
7.Fulfill of some necessary ordering of exam. 
8. In an area of neighborhood, those examination which are conflict in same day should 
held nearby or same room. 
2.3.1 Constraints and objective investigated in examination timetabling problems. 
From the literature, quite much of the examinations timetabling constraints are been 
found. This is because it have different constraints that to be occurred based on the 
institution requirement. Other than that, different of requirement should include in 
timetable to become a good quality timetable based on the different association needed. 
For example, as a student, surely he/she hope that the gap between exams can be as long
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as possible so that they can get more time to do their revision. In the view of administrators, 
he/she need to arrange the time table which avoid any student taking two exams 
simultaneously. So in this situation, we need to discuss that in this institution their 
timetabling problems' common constraints which usually been used by. 
For the examination timetabling research community, there is three dataset which 
mostly used by them. Those three dataset are the Toronto dataset, Nottingham and 
Melbourne. Among that, researchers are getting most attention on the Toronto dataset. In 
year 2008, McCollum et al (2008) has introduced the Second International Timetabling 
Competition (1TC2007) dataset since it having more feasible problems compare to 
benchmark problems. Other than this two, there are still have some other examination 
datasets for example the IJKM and UiTM. 
24 Capacitated and un-capacitated examination timetabling problem 
Un-capacitated problem had been researched in a lot of the literature, since in terms 
of producing solution effectively and quickly it is more focus on the algorithm and 
algorithmic performance. There are most of the researchers are not dealing with all the side 
views of problems but only focus on a simplified version of examination problem. Those 
survey form only include some of the common hard constraints. For example, the quantities 
of student sitting in the exams must not over the size of the room, none of student can take 
more than one subject in one time and other else. While in soft constraints, they will 
commonly use separate the examination gap as far as possible, or student will not having 
two exam in a day. 
Capacitated problem is having the different characteristic of problem with un 
capacitated problem. It has included capacity as the constraints and this will make the 
system more close to the real world. Yet, those researchers will less to do the research on 
capacitated problem. This maybe is because of the lack of benchmark dataset. Furthermore, 
capacitated problem will be hard to solve compare to uncapacitated problem. In Burke ea 
al (1996a) survey paper, it show that accommodating exams is really a hard problems 
which agreed by around 73% of universities. Capacitated problems needed more overall
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data since it need to consider about the capacity of room and also the less complex problems 
for example student and exam list. According to McCollum (2007), it might be hard to 
collect those additional information. Burke et a! (1996) had mentioned that due to the lack 
of halls availability and divide the student of taking exam into more than one room which 
will cause other constraints likes taking into account between rooms or dividing an exam 
onto different sites will be the hardness of examination scheduling. 
Because of the interest in capacitated problem and to make sure that the dataset will 
be more suitable to the realistic problems. Newall, Burke and Weare at 1996 had made 
some enhancement on the benchmark dataset (i.e. Toronto dataset), which consists of the 
overall capacity if in one big room/hall all exams will be held in. But, this also show that 
we need to consider about the individual room capacity when we simplify the timetabling 
problems (Merlot et al (2003)). 
24i Toronto dataset 
Toronto dataset- a dataset which consists thirteen of the real-world examination 
timetabling problems which five from the Canadian institution, three from the Canadian 
highs schools, one from King Fand University, one from the London School of Economics, 
Dhahran and on more from Purdue University, Indiaana. Table 2.3 is showing the 
information of the Toronto datasets. To make sure that it will have the real comparison 
among the scientific communities it was classified the problem instances into I and II. Carte, 
Laporte and Lee, (1996) introduced the Toronto dataset which the goal is to spread the 
conflicting exams within the timeslots and reduce the timesots, they research the variety 
objective of it. Di Gaspero and Schaerf solve this dataset which have the constraint conflict 
consideration in year 2001 by using tabu search. For one student who taking two exam at 
the same time will be the hard constraints for it and in a short period student need to take 
more than one exams will be the soft constraints. Several Objective are included in the 
original dataset by Burke, Newall and Weare (1996). Second order conflict of same day 
constraints and the maximum quantity of a room capacity per timeslot will be the primary
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consideration. Merlot et al (2003) used hybridize of constraint programming, simulated 
annealing (SA) and hill climbing (HC) to solve the dataset by the goal to reduce the 
timeslots needed, within the limited number of timeslots it need to avoid the clash of 
examinations and in the same day it need to minimize the second order conflict. 
Table 2.3 Toronto Dátáet (Qu et Al., 2009) 
Problem	 Exams	 Students	 Enrollments Conflict 	 Timeslots 
Instance	 Density 
carii 682 16925 56877 0.13 35 
cax9l II 682 :16925 56242156877 0.13 35 
caz921 543 18419 555.522 0.14 32 
c&92 U 543 18149 55189/55522 0.14 32 
e831 190 1125 8109 0.27 24 
e8311 189 1108 8014 0.27 24 
hec92 I 81 2823 10632 0.42 iS 
hec92li 80 2823 10625 0.42 18 
kfi93 461 5349 25113 0.03 42 
lse91 381 2726 10918 0.06 18 
pur931 2419 30029 120681 10.03 42 
pur93 II 2419 30029 1206861120681 0.03 42 
fye92 486 11483 45051 '0.07 23 
sta83 I 139 611 5751 0.14 13 
sta:8311 138 549 5689 0.14 13 
e92 261 4360 14901 '0.18 23 
uta921 622 21266 58979 0.13 35 
uta92U 638 21329 59144 0.13 35 
ute92 184 2749 11793 0.08 10
12 
yor831	 181	 941	 6034	 0.29	 21 
yorS3ll	 180	 919	 6012	 0.29	 21 
2.4.2 Dataset of University of Melbourne 
Melbourne dataset- a dataset which introduced by Merlot et al (2003). It have two 
differences from the other data set which is it has two timeslots on weekday, and also there 
are different of each timeslot. Period exclusive constraints which in specific session the 
exam will be assigned or it is limited set of session of the exam to held in are included in 
this dataset. Reduce the second order conflict in same day or overnight will be the purpose 
of this dataset is to. Table 2.4 is showing some information of the University of Melbourne 
examination dataset and in http://www.or.ms.unimelb.edu.au/timetabling  this dataset can 
be downloaded and viewed. Furthermore, Merlot et at (2003), Cote, Wong and Saboun, 
(2005) have researched the dataset by using the bi-objective evolutionary algorithm which 
tabu search (TS) and variable neighborhood decent (VND) were used 
Table 2.4 University of Melbourne datasets 
	
Problem Instance	 Exams	 Students	 Enrollments	 Timeslots 
I	 521 20656 62248 28 
Ii	 526 19816 60637 31
2.4.3 Dataset of University of Nottingham 
Nottingham dataset- a dataset introduced by Burke, Newall and Weare, (1996). In 
this dataset, it consists of a total of 23 timeslots and three timeslot a day (weekdays) consist. 
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No clashing and total capacity is the constraints that involve in this dataset. Reduce the 
number of second order conflict in same day will be the purpose of this dataset. Table 2.5 
is showing the information of the University of Nottingham examination dataset and in 
http://www.asp.cs.nott.ac.uklresources/datas.html  it can be downloaded and viewed. The 
graph heuristic are using by Burke and Newall to reduce the second order of conflicts on 
the same day in year 1999. Merlot also using the same method as above to the Nottingham 
dataset in year 2003. Burke et al. (2004) try to use great deluge algorithm (GDA) also to 
reduce the second order conflicts on same day try solve the dataset. 
Table 2.5 University of Nottingham datasets 
Exams	 Student	 Enrollment Conflict	 Timeslots	 capacity 
Density 
800	 7896	 34265	 0.03(30/o)	 23	 1550 
244 Dataset of University Kebangsaan Malaysia (UKM) 
UKM dataset- a capacitated dataset that introduced by Ayob et at (2007). All of the 
exams timetable are needed to be scheduled in the dataset. At the same time one student 
will not take exceed than one exam and in the same day having three consecutive exams 
are the constraints of this dataset. This dataset need to fulfill the exams with a specific 
room/hall and those student who force to sit consecutive exam must be arranged in the 
same room. Reduce the student having consecutive exam in the same day will be the 
objective of this dataset. Table 2.6 is showing the information of UKM dataset and 2.7 is 
showing the room capacity of the dataset.
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Table 2.6 University Kebangsaan Malaysia datasets (UKM06-01) 
Exams	 Student	 Enrollment Timeslots	 capacity 
818	 14047	 75857	 42	 1550 
Table 2.7 Room capacity of dataset UKM06-01 
Room	 Room Capacity 
DPBestari 850 
DGexnilang 610 
Dewan (DECTAR) 610 
LobiUtama DECTAR 270 
Pseni (DECTAR) 152 
LobiA (DECTAR) 70 
LobiB DECTAR) 70
2.4.5 Dataset of University Teknologi MARA (UiTM) 
UiTM dataset- a capacitated dataset which introduce by Kendall and Hussin (2004). 
This dataset is also require all the exams to be scheduled as UKM dataset. Other than that, 
First order conflict and coincidence constraints (i.e. in same timeslot, exam that needed to 
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scheduling together must assigned together) are involved in this dataset. Get the gap of 
those exams as far as possible will be the purpose of this dataset, which the proximity value 
will be calculated and prevent the exams been scheduled during the weekends Table 2.8 
shows the information of UiTM examination dataset. 
Table 2.8University Teknologi Malaysia (UiTM) dataset 
Exams	 Students	 Enrolments Titneslots 
2063	 84675	 057761	 40 
2.4.6 Second International Timetabling Competition (1TC2007) dataset 
Second International Timetabling Competition (1TC2007) - a data set which 
divided into examination timetabling and course timetabling. We need to concentrate on 
the examination dataset by using this dataset. To make sure those researchers can assess 
their algorithm on the real world timetabling problems a platform is created as the Purpose 
of 1TC2007. There is few constraints that included in 1TC2007 examination dataset. 1st, in 
the same time there is no student can sit exceed than one exam. 2nd, the quantity of student 
sitting exam must not more than the room capacity. 3 1d, the exam to be added to the timeslot 
must not over the timeslots length. 4 th, some specific requirement need to be done in this 
for example exam A to be assigned after exam B or Exam A must be in room 15 etc. Reduce 
the second order conflict in same day, reduce the mixed duration of exam within a timeslots, 
reduce particular timeslot or room to be used, large examination held as early as possible 
will be the purposes of this dataset. In McCollum et al (2008) can get the information of 
the examination competition track. McCollum et a! (2009) have used iterated forward 
search, hill climbing and great deluge algorithm for the research about this dataset. GRASP, 
simulated annealing and mathematical programming were used for multistage approach.
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McCollum et at (2009) use a two-phase approach with adaptive heuristic ordering as the 
constructive phase and enhanced the solution by using extended great deluge algorithm. 
Table 29 is showing the information of the 1TC2007 datasets (examination track) and table 
2.10 and 2.11 are showing the soft constraints and the hard of the dataset. Table 2.12 is 
showing the summary of some dataset. 
Table 2.9 International Timetabling competition dataset. 
Instance Conflict 
Density
Exams Students Periods Rooms Period 
HC
Room 
HC 
Exam-1 5.05 607 7891 54 7 12 0 
Exam-2 1.17 870 12743 40 49 12 2 
Exam-3 2.62 934 16439 36 48 170 15 
Exam-4 15 273 5045 21 1 40 0 
Exam-5 0.87 1018 9253 42 3 27 0 
Exam-6 6.16 242 7909 16 8 23 0 
Exam-7 1.93 1096 14676 80 15 28 0 
Exam-9 4.55 598 7718 80 8 20 1 
Exam-9 7.48 169 655 25 3 10 0 
Exam- 
10
4.97 214 1577 32 48 58 0 
Exam- 
11
2.62 934 16439 26 40 170 15 
Exam- 
12
18.45 78 1653 12 50 9 7
17 
Table 2.10 Hard constraints of ITC 2007. 
Hard 
Constraints 
Hi Student cannot sit more than one exam at the same time. 
H2 The exams capacity should not exceed the room capacity. 
H3 The exam length should not violate the tiineslot length. 
H4 A sequence or ordering of an exams must be respected, e.g. schedule 
Exam A after Exam B; 
H5 Schedule exam into specified room (room related hard constraints) 
e.g. Exam A should schedule to Room 11. 
Table 2.11 Soft constraints of 1TC2007. 
Soft 
Constraints 
Si Two exams in a row: minimise student sitting consecutive exams in 
the same day. 
S2 Two exams in a day: minimise student sifting more than two exams in 
a day (only applied if more than two time-slot per day). 
S3 Spreading of exams: Each set of student examinations should be 
spread as evenly as possible over the exam period. 
S4 Mixed duration: minimise number of exams with different duration 
that are scheduled into the same room. 
S5 Larger examination schedule late in the timetable: minimise the 
number of large exams appear 'late' of the timetable. 
S6 Period penalty: minimise the number of exams scheduled in period 
with penalty. 
S7 Room penalty: minimise the number of exams scheduled in room with 
penalty.
